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(54) REGENERATION METHOD FOR CRYOPUMP AND DEVICE FOR THE SAME 
(57)Abstract: 

PURPOSE: To regenerate a cryo-panel in a short time 
by abruptly cooling the surface of the cryo-panel while 
keeping the temperature of the cryo-panel sur face at 
the value of gas discharging, after completing the gas 
discharge from the cryo-panel surface, and abruptly 
cooling a second cryo-panel surface to a specified value. 



CONSTITUTION: When gas discharge from surfaces of 
first and second cryo- panels 7, 8 is completed, that is, 
regeneration is completed, a regeneration valve 14 is 
opened while temperature of the cryo panels 7, 8 are 
kept at each preset value (the temperature at the time 
of discharging gas). A turbo molecule pump 1 1 and a 
roughing vacuum pump 12 are operated for reducing an 
inner pressure of a pump casing 2 to 1/103Pa or lower. 
Afterward, a refrigenerator 6 is operated for cooling the 
surface of the first cryo-panel to 80K or lower, and 
cooling the surface of the second cryo-panel 8 to 20K 
or lower. Rotational speed of an oxpander motor 9 is set 
at maximum for abruptly cooling, at this time. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the playback approach of cryopump of providing a cooling means to cool the 
cryopanel side of the 1st step and the 2nd step and this cryopanel side which condense and/or 
adsorb gas during a pumping mode. Said cryopanel side of the 1st step and/or the 2nd step is 
maintained to constant temperature. After gas-evolution ending from this cryopanel side The 
playback approach of the cryopump characterized by decompressing the internal pressure of this 
cryopump quickly below to 1/103Pa (pascal), maintaining the temperature of this cryopanel side 
to said constant temperature, and cooling the cryopanel side of the 2nd step quickly to 20K after 
that. 

[Claim 2] It is the regenerative apparatus of the cryopump possessing a cooling means to cool 
the cryopanel side of the 1st step and the 2nd step and this cryopanel side which condense 
and/or adsorb gas during a pumping mode. A heating means to heat said cryopanel side of the 
1st step and/or the 2nd step, A temperature detection means to detect the temperature of this 
cryopanel side, a pressure detection means to detect cryopump internal pressure, The control 
means which generates a control signal in response to the output of this temperature detection 
means and a pressure detection means, A reduced pressure means to decompress the inside of 
cryopump is provided. After gas-evolution ending from said cryopanel side of the 1st step and/or 
the 2nd step, by said control means Cryopump internal pressure is quickly decompressed to 
1/103Pa or less with said reduced pressure means, controlling said heating means and 
maintaining the temperature of this cryopanel side to the same temperature as the time of a gas 
evolution. The regenerative apparatus of the cryopump characterized by cooling said cryopanel 
side of the 2nd step quickly to 20K with the account cooling means of back to front. 
[Claim 3] Said reduced pressure means is the regenerative apparatus of the cryopump according 
to claim 2 characterized by being a vacuum pump containing a turbo molecular pump. 
[Claim 4] Said cooling means is the regenerative apparatus of the cryopump according to claim 2 
characterized by being a means to raise and cool the rotational frequency of the expander pump 
of a refrigerator quickly. 

[Claim 5] The regenerative apparatus of the cryopump according to claim 4 characterized by the 
maximum engine speed of the expander pump of said refrigerator being 80 - 120rpm. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the playback approach of cryopump and 
regenerative apparatus which can perform especially playback exactly in a short time about the 
playback approach of cryopump and regenerative apparatus which reproduce the cryopanel side 
of cryopump. 
[0002] 

[Description of the Prior Art] In common cryopump, low-temperature adsorption of the hydrogen 
H2 gas which cannot be condensed about by 20K is carried out in the activated carbon layer 
which kept at 50-1 00K with the 1st step of cryopanel, mainly condensed water, maintained about 
at 20K with the 2nd step of cryopanel, and condensed Argon Ar and nitrogen N2 gas, and was 
formed in the rear face of the 2nd step of cryopanel, and a chamber is made into a vacuum. 
[0003] Cryopump is saved up as mentioned above, and since it is a vacuum pump of a formula, it 
needs playback (emit condensation or adsorption gas) after fixed time amount. Since the inside 
of a chamber cannot be lengthened to a vacuum in the meantime, a sputtering system and in 
plastic equipment must be stopped and need to shorten playback time amount, for gathering the 
availability of these equipments. 

[0004] Conventionally, there are some which were indicated by the Patent Publication Heisei No. 
509144 [ five to ] official report as a cryopanel side playback technique of the cryopump 
operated by the helium refrigerator. This playback technique is in the condition which shifted the 
matter which condensed and adsorbed in the cryopanel side of cryopump at the time of playback 
of cryopump to the liquid phase and/or a gaseous phase, and is for carrying out discharge 
removal out of cryopump. 
[0005] 

[Problem(s) to be Solved by the Invention] However, although the advantage in which it could do 
early had playback for the partial regeneration which is in the condition which shifted to the 
liquid phase and/or a gaseous phase, and carries out discharge removal of the matter which 
stuck to the above-mentioned conventional technique in the cryopanel side of the 2nd step of 
cryopump out of cryopump, there were following (1) thru/or a fault as shown in (3). 
[0006] (1) The temperature inside the pump case 2 at the time of playback dissolves the water 
condensed to the cryopanel 7 of the 1st step for partial regeneration, it is kept lower than the 
temperature to evaporate — having (that is, the 1st step of playback of a cryopanel not being 
performed), in order to reproduce the gas to which it condensed or stuck with the 2nd step of 
cryopanel the time of driving the temperature of the cryopanel of the 1st step as cryopump, 
since it is necessary to make it 3 or more importance of the gas — going up — this — the 
moisture condensed to the cryopanel side of the 1st step sublimates. However, with the above- 
mentioned conventional technique, since vacuum suction of the casing 2 after playback is 
performed only to about 10Pa and the activated carbon layer prepared in the rear face of the 
cryopanel of the 2nd step is adsorbed as a steam (H20) in said sublimated moisture, the 
adsorption capacity of H2 decreases in the next exhaust air operation. 

[0007] (2) In order to discharge the matter in the condition of having shifted to the liquid phase 
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and/or a gaseous phase and to prepare two abandonment systems, gas and a liquid, in the 
processing, equipment becomes complicated and serves as cost quantity. Moreover, processing 
of excretions also becomes complicated. 

[0008] (3) The limitation was in compaction of playback time amount. That is, only partial 
regeneration serves as time amount compaction, and it has not become time amount compaction 
of all playbacks. 

[0009] This invention was made in view of the above-mentioned point, and aims at offering the 
playback approach of cryopump and regenerative apparatus which can perform playback of a 
cryopanel for a short time. 
[0010] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, this 
invention is the playback approach of cryopump of providing a cooling means to cool the 
cryopanel side of the 1st step and the 2nd step and this cryopanel side which condense and/or 
adsorb gas during a pumping mode. The cryopanel side of the 1st step and/or the 2nd step is 
maintained to constant temperature. After gas-evolution ending from this cryopanel side The 
internal pressure of this cryopump is quickly decompressed below to 1/103Pa (pascal), 
maintaining the temperature of this cryopanel side to constant temperature, and it is 
characterized by cooling the cryopanel side of the 2nd step quickly to 20K after that. 
[001 1] Moreover, it is the regenerative apparatus of the cryopump possessing a cooling means to 
cool the cryopanel side of the 1st step and the 2nd step and this cryopanel side which condense 
and/or adsorb gas during a pumping mode. A heating means to heat the cryopanel side of the 1st 
step and the 2nd step, a temperature detection means to detect the temperature of this 
cryopanel side, The control means which generates a control signal in response to the output of 
a pressure detection means to detect cryopump internal pressure, this temperature detection 
means, and a pressure detection means, A reduced pressure means to decompress the inside of 
cryopump is provided. After gas-evolution ending from the cryopanel side of the 1st step and/or 
the 2nd step, by the control means It is characterized by decompressing cryopump internal 
pressure quickly to 1/103Pa or less with a reduced pressure means, controlling a heating means 
and maintaining the temperature of this cryopanel side to the same temperature as the time of a 
gas evolution, and cooling the cryopanel side of the 2nd step quickly to 20K with a cooling means 
after that. 

[0012] Moreover, it is characterized by said reduced pressure means being a vacuum pump 
containing a turbo molecular pump. 

[0013] Moreover, it is characterized by said cooling means being a means to raise and cool the 

rotational frequency of the expander motor of a refrigerator quickly. 

[0014] 

[Function] According to this invention, cryopump internal pressure is rapidly decompressed to 
1/103Pa or less, maintaining the temperature of a cryopanel side to the same temperature as 
the time of a gas evolution, after gas-evolution ending from a cryopanel side. By adopting 
processing actuation of cooling the cryopanel side of the 2nd step quickly to 20K after that 
Since a cryopanel side is rapidly cooled after eliminating completely the gas which lowered the 
pressure to the high vacuum previously and was emitted from the cryopanel side, the air 
cleanliness class of a cryopanel side is maintained and a cryopanel side can be reproduced 
completely. And since cooling-down can be carried out for a short time, the playback time 
amount required by re-operation of cryopump can be shortened. 

[0015] In addition, starting of cryopump, operation, and playback time amount mean the following 
thing here. 

** The operation:refrigerator of the startingrefrigerator which is cryopump starting and beginning 
cooling, and ** cryopump having been operated, and the cryopanel having reached predetermined 
temperature, and beginning vacuum suction, playback time amount of ** cryopump : time amount 
needed for the heat rise of a cryopanel, and a cryopanel at the check and cooling-down (cooling 
of a cryopanel) of emission of the gas which condensed / adsorbed, the vacuum suction in a 
pump case, and leak. 
[0016] 
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[Example] Hereafter, the example of this invention is explained based on a drawing. Drawing 1 is 
drawing showing the configuration of the regenerative apparatus of the cryopump which enforces 
the playback approach of this invention, the vacuum chamber 4 connects with the pump case 2 
of cryopump 1 through an inlet valve 3 — having — the inside of a pump case 2 — a refrigerator 
6 — 6-2 [ step / 1st / step / 2nd ] is arranged with 6-1 . Near the inlet valve 3, the 1st step 
connects with 6-1, the cryopanel 7 of the 1st step of structure on which the metal plate formed 
in the shape of a bamboo hat was put horizontally is arranged, the 2nd step connects with 6-2, 
and the cryopanel 8 of the 2nd step of the structure which put perpendicularly the metal plate 
similarly caudad formed in the shape of a bamboo hat is arranged. 

[0017] moreover, the thing for which the compressor unit 10 and the expander motor (it consists 
of a synchronous motor) 9 are connected to a refrigerator 6, and this expander motor 9 is 
rotated — an expander — taking up and down and it — synchronizing — the high-pressure 
gaseous helium from the compressor unit 10 — a refrigerator 6 — the 1st step is sent to 6-2 
the 2nd step with 6-1, it decompresses, and low voltage gaseous helium is returned to the 
compressor unit 10. 6-2 [ step / 1st / step / 2nd ] is cooled with 6-1 by this, and the field of 
the cryopanel 7 of the 1st step and the cryopanel 8 of the 2nd step is also cooled by 
coincidence, the temperature at this time — the 1st of a refrigerator 6 — step 6-1 — 60-1 00K 
— 6-2 [ step / 2nd ] is about 12-20K. 

[0018] If an inlet valve 3 is opened in the above-mentioned condition, the gas of the vacuum 
chamber 4 will flow in a pump case 2, moisture (H20) adheres to the cryopanel 7 of the 1st step 
in an instant (condensation), argon gas (Ar) is condensed on the up front face of the cryopanel 8 
of the 2nd step, and it sticks to hydrogen gas at the activated carbon layer prepared in the rear 
face of the cryopanel 8 of the 2nd step. Thereby, various kinds of gas in the vacuum chamber 4 
is removed. 

[0019] 1 1 is a turbo molecular pump and 12 is rough ************. This turbo molecular pump 
1 1 and rough ************ 12 are connected to the pump case 2 through the relief valve 13 
and the playback valve 14 which were connected to the serial and connected to juxtaposition. 
The pressure sensor with which P detects the pressure in a pump case 2, the thermo sensor 
with which T1 detects the temperature of the cryopanel 7 of the 1st step, the thermo sensor 
with which T2 detects the temperature of the cryopanel 8 of the 2nd step, and 15, 16 and 17 are 
heaters. 

[0020] 18 is a control section, and the output of the above-mentioned thermo sensors T1 and 
T2 and the output of pressure-sensor P are inputted into this control section 18, supply the 
power for a drive of a turbo molecular pump 1 1 and rough ************ 12 from this control 
section 18, supply the power for heating to heaters 15 and 16, and supply the power for heating 
which heats the nitrogen gas for a purge (N2) at a heater 17 further. 

[0021] In the regenerative apparatus of the cryopump of the above-mentioned configuration, at 
the time of playback, an inlet valve 3 is closed first, the power for heating is supplied for a 
refrigerator 6 to a stop, a heater 15, a heater 16, and a heater 17, a valve 19 is opened and the 
nitrogen gas for a purge (N2) heated at the heater 1 7 is supplied in a pump case 2. With this 
heating, the gas which was condensing and adsorbing evaporates in the cryopanels 7 and 8 of 
the 1st step and the 2nd step, when a pump case 2 exceeds atmospheric pressure, a relief valve 
13 opens, and the inside of a pump case 2 is maintained more than abbreviation atmospheric 
pressure. The matter which adhered to the field of the cryopanel 7 of the 1st step and the 
cryopanel 8 of the 2nd step by this is gasified, and is discharged out of a system. 
[0022] According to the quality of an object which needed to gasify completely the matter which 
adsorbed [ which adsorbed and above-condensed ] here, and needed to discharge out of the 
system, therefore condensed and adsorbed, whenever [ stoving temperature / of a cryopanel 7 
and the cryopanel 8 of the 2nd step / of the 1st step ] is set up. While controlling the power for 
heating supplied from a control section 18 so that the output of thermo sensors T1 and T2 
becomes this laying temperature, time amount (heating time) required to gasify the adhering 
amount of substance completely is set up. 

[0023] If emission of gas disappears from the field of the cryopanel 7 of the 1st step, and the 
cryopanel 8 of the 2nd step and playback is completed, the playback valve 14 will be opened 
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maintaining the temperature of the cryopanel 7 of the 1st step, and the cryopanel 8 of the 2nd 
** to the above-mentioned laying temperature, a turbo molecular pump 1 1 and rough 
************ 12 will be operated, and the internal pressure of a pump case 2 will be 
decompressed to 1/103Pa or less. This is performed in order to make clean the activated carbon 
layer prepared in the rear face of the cryopanel 8 of the 2nd step, and to check the leakage of 
the pump cases 2. However it may spend many hours, since it is made to a vacuum only to the 
base of 1/1 OPa only in case of the vacuum suction by rough ************ 12, gas will remain in 
the interior of a pump case 2, and an activated carbon layer will be adsorbed. 
[0024] Subsequently, it cools until it operates a refrigerator 6 and whenever [ surface 
temperature / of the cryopanel 8 whenever / surface temperature / of a cryopanel 7 / of the 
1st step / whose / are 80K or less and the 2nd step ] becomes 20K or less. The rotational 
frequency of the expander motor 9 which is a synchronous motor at this time is made into full 
speed (for example, 90rpm), and is made to cool quickly. The microprocessor of a control section 
18 performs these control based on the control signal which carried out data processing of the 
output of thermo sensors T1 and T2, and the output of pressure-sensor P by carrying out the 
operation control of heaters 15, 16, and 17, the expander motor 9, the playback valve 14, rough 
************ 12, and the turbo molecular pump 11 grade automatically. 
[0025] Although all playbacks that explanation of the above configuration also heats the 
cryopanel 7 of the 1st step, and also remove moisture were described, in the case of the partial 
regeneration which heats only the cryopanel 8 of the 2nd step, it is not necessary to stop 
operation of a refrigerator 6, and heaters 16 and 17 are in the condition of OFF (it has not 
stopped in this example). 

[0026] Whenever [ stoving temperature / at the time of playback of the cryopanel 7 of the 1st 
step and the cryopanel 8 of the 2nd step ] comes to be the outline following to each set 
elephant matter. 

A steam (H20) About 300K (the cryopanel 7 of the 1st step and the cryopanel 8 of the 2nd step 
are heated) (all playbacks), an argon (Ar) 1 10-160K (only the cryopanel 8 of the 2nd step is 
heated) (partial regeneration), hydrogen (H2) 30-80K (the cryopanel 8 of the 2nd step is heated) 
(partial regeneration), nitrogen (N2) 100-140K (partial regeneration) (only the cryopanel 8 of the 
2nd step is heated). 

[0027] Drawing 2 is drawing in the partial regeneration which shows actuation of Ar regeneration 
of this invention, and drawing 3 is drawing showing actuation of Ar regeneration indicated by the 
Patent Publication Heisei No. 509144 [ five to ] official report. In drawing 2 and drawin g 3 , Curve 
T shows the temperature of the cryopanel of the 2nd step, and Curve P shows pump case 
internal pressure. Ar regeneration actuation of this example is rapidly decompressed until it 
operates a turbo molecular pump 1 1 and rough ************ 1 2 by t4 the time of the gas 
evolution from the 2nd cryopanel 8 being lost and pump case 2 internal pressure is set to 
1/103Pa or less, as shown in drawing 2 . 

[0028] It cools rapidly by t5 the time of pump case 2 internal pressure amounting to 1/103Pa or 
less, and is made field 20K or less temperature of the cryopanel 8 of the 2nd step, here — a 
time — the t4- time t — the field of the cryopanel 8 of the 2nd step is maintained to constant 
temperature (about 140 K) between 5 (another temperature in the case of an object, for 
example, a steam, hydrogen, and nitrogen), in addition, the time t — time amount may be set a 
little from 5, and the field of the cryopanel 8 of the 2nd step may be cooled 
[0029] on the other hand, the well-known regeneration actuation indicated by said Patent 
Publication Heisei No. 509144 [ five to ] official report is shown in drawing 3 — as — the signal 
of a temperature sensor — a little — time amount — delaying — Time t — after it severs 
heating of a cryopanel side by 6 and the internal pressure of a pump case 2 becomes the 
pressure which is about 10-100Pa, cooling of a cryopanel side is started. 

[0030] In regeneration actuation well-known as mentioned above, after lowering a pressure, when 
cooling a cryopanel side, with 10-100Pa, since the internal pressure of a pump case 2 is high, it 
starts a low-temperature absorption phenomenon in respect of a cryopanel, and cannot become 
clean easily. On the other hand, since a pressure is lowered to 1/103Pa and the field of the 
cryopanel 8 of the 2nd step is cooled in order to eliminate completely what was gasified in this 
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example out of a pump case, an air cleanliness class is maintained and, moreover, the field of the 
cryopanels 7 and 8 of the 2nd step can be reproduced completely. Moreover, a leak check is 
made correctly. 

[0031] Furthermore, since the inside of a pump case 2 is a high vacuum 1/103Pa or less, the 
time amount which it will take before being able to lengthen to time amount and a vacuum until 
the below-mentioned cryopanel 8 of the 2nd step is set to 20K can be shortened. Since it can 
cool quickly by setting the rotational frequency of an expander motor to 90rpm in this invention, 
time amount until it cools to 20K can be shortened about twenty percent compared with the 
former, in addition, drawing 2 — setting — Time t — the well-known example which shows the 
processing actuation to 3 to drawing 3 , and abbreviation — it is the same. 
[0032] Although the above explanation explained the case of the partial regeneration which 
regenerates Argon Ar, naturally also in all playbacks that also reproduce the water attached to 
the cryopanel of the 1st step, the same effectiveness is done so. 

[0033] By lowering the internal pressure of a pump case 2 to 1/103Pa as mentioned above, to 
the continuing hydrogen displacement being eternal, when the internal pressure of a pump case 2 
was lowered only to 1 - 1/1 OPa, it was checked experimentally that a next hydrogen 
displacement is downed 5 to 10%. In addition, although it is clear that the same result as 
abbreviation is obtained also in the pressure which becomes the molecular flow field of an object 
even if it does not result in 1/103Pa for example, 1/103Pa is completely desirable. 
[0034] moreover, in this example, the expander motor 9 (it consists of a synchronous motor) is 
rotated at top speed (90rpm) — making — cooling (cooling-down) — carrying out — the 1st of 
a refrigerator 6 — step 6-1 — 80K — since 6-2 [ step / 2nd ] is set to 20K, time amount can 
be shortened until it changes into an exhaust air condition. Experimentally, although the 2nd step 
of temperature of 6-2 is set to 300K ->20K and it took [ of a refrigerator 6 ] 80 minutes in 
Normal (it is 72rpm at a 60Hz power source), at top speed (90rpm), it has been shortened in 65 
minutes. 

[0035] In addition, if the full speed of an expander motor is set to 90 or more rpm, time amount 
can be shortened further, but wear of the seal of an expander is large, and since a life becomes 
short, it is good [ the full speed of an expander motor ] to consider as 90rpm extent. 
[0036] In addition, although it considered as the structure which piled up horizontally the metal 
plate formed in the shape of a bamboo hat in the cryopanel 7 of the 1st step and being 
considered as the structure which piled up perpendicularly the metal plate formed in the shape 
of a bamboo hat in the cryopanel 8 of the 2nd step in the above-mentioned example, as for the 
structure of the cryopanels 7 and 8 of the 1st step and the 2nd step, it is natural that it is not 
what is limited to this. Moreover, although he is trying to supply the power for heating to heaters 
15, 16, and 17 from a control section 18 in the above-mentioned example, the power source for 
heating may be established separately, and a control section 1 8 may be constituted so that the 
control signal which controls the power for heating supplied from here may be emitted. Moreover, 
although he is trying to supply drive power to a turbo molecular pump 1 1 and rough 
************ 12 from a control section 18, the power source for a drive may be established 
separately, and a control section 18 may be constituted so that the control signal which controls 
the power for a drive supplied from here may be emitted. 
[0037] 

[Effect of the Invention] As explained, according to this invention, as mentioned above, after 
gas-evolution ending from the cryopanel side of the 1st step and/or the 2nd step By 
decompressing cryopump internal pressure rapidly under 1/103Pa, maintaining the temperature 
of this cryopanel side to the same temperature as the time of a gas evolution, and cooling the 
cryopanel side of the 2nd step quickly to 20K after that While a cryopanel is completely cleanly 
reproducible, the playback approach of cryopump and regenerative apparatus which can shorten 
the playback time amount required by re-operation of cryopump can be offered. 
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precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawing 1 ] It is drawing showing the configuration of the regenerative apparatus of the 
cryopump which enforces the playback approach of this invention. 
[Drawing 2] It is drawing showing actuation of Ar regeneration of this invention. 
[Drawing 3] It is drawing showing actuation of well-known Ar regeneration. 
[Description of Notations] 

1 Cryopump 

2 Pump Case 

3 Inlet Valve 

4 Vacuum Chamber 

6 Refrigerator 

7 Cryopanel of 1 st Step 

8 Cryopanel of 2nd Step 

9 Expander Motor 

10 Compressor Unit 

1 1 Turbo Molecular Pump 

13 Relief Valve 

14 Playback Valve 

15 Heater 

16 Heater 

17 Heater 

18 Control Section 

19 Valve 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



2006/05/25 



(19) H#B#ff/f (JP) 02) & fffl 4# 1^ & ^ < A > 

^^-61232 

(43)^HB ¥j£8*F(1996)3/i8B 



(51) IntCl. 8 




F I 




F0 4B 37/08 














W*JS©»5 FD (^ 7 H) 


(21)ttJM#^ 


!&K¥6 -224153 


(7DU1SA 


000000239 










(22)fflKB 


6 ¥ (1994)8 ^243 










(72)5S9I# 


sm 








#^;nm®«rif*is«4T@2#i^ » 






































(72) few* 










«a:ii5ABaK^B0Mifrii#i^ *te££*t 








assort 






(74)f$SA 





(54) [mw<D&m 9^*i$>7vm^&Rxm$gm 



(57) [£»] 

4gitfe^T> *9>r*^*;b7, 8£»f3£- 

^15, 16, 17, ^v-)'^-/^^7, 8ffi©Sfii& 

i6, n^mmLm^y^t/^)}/ 
7rtE£ i/io s p aWTS-eaaateu 




1 

mm i ] xyTmmwcJsxzmmRV/mm 
m?z>m\ tmrsm 2 & © t ? << *> ^^mmsm. v 5 

yftDU^mxhiX. 

Lrc%%mU*Xy?CDl*lE%:l/l 0 3 Pa (/< 

\*)i,mz 2 0 k $ T?iui#4p-r § t ttw®. t -r 3 
mm k. mm l tc $ $ mese^st? * 9>r >^e 

* 1 / 1 0 3 P aWT*Tf«afc«EU ^O&ffiSBtf 
^¥IST'BffE^2@(7)^v-r^^;V®^2 0 KST'.% 

Ho 

7t-&3 c t zm® t t 5 tmm 2 k gs«© ? 

a 4: -r * »«a 2 Ki3«o ^ 5 > 7©B£gB° 
[§i*3I5] we»aiEltox*x/<^y#yyo«KiHi 

fc»#8 0~l 20 r pmT&S;: 3!f5f< 

r%4icmm<D<? c 7'(*$y'7<Dn3LmWo 

[000 1] 

[S*±©fflfl!#»] *7-r*#y7©*5 
j*^%)iwzn£tz>?7j*#y7<Dn*Ej]mRxf 

?7j*$y7<Dn&]mRtfm<kmwfcm-rz>t><DT* 

[0 0 0 2] 

J*/^)\,X5 0~1 0 ±fCzk*lgffiU 
2 SB©* 5^ 2 0 Kggfcfii^ 7^3> 



(2) #F^¥8-6 1232 

2 

A r^gSSNztfXfcSBlILT, 2®1©*7>T 

[0003] ^-5-r*Ji?yytt±iB<o«fe3fc}a«)i&*s 

10 3fc«:f?£lifliB£S<^S&gtf&S. 

[0004] se*. 'NUt/A^afliK.toTaesns 

g¥5-5 0 9 1 4 4^$gtP^$nfc&©# i &3 0 

V££;ir%rclsb<D$><DX%>%>o 
[0 0 0 5] 

20 ^^*#y:/©Jg2fSB©^7^;Jv^;l/ 

t% ?7-(*#y79ummz?5, ^n^ofcib 

U£tf^<X°%2>t^ ; omite&Z>1)\ TIB (1) 
(3) ©iSfcfcjSitffcofco 

[0 0 0 6] ( 1 ) g[5#H£©/ci6, S£B*fC*5tt*JK 

y-7 f r-^y^2<r>n%<mmt% 1 a©*5-r 

30 *£S£-f5fc&fci4, J t©;«r*©3fij&W±K:"r*& 

j*$y7tLxmmisX^z>m&K>&±g-L, mm 1 

©*£3lt£ 1 0 P agg£T*Lfrfrfc>£l/>©T\ ^2 

*Lfc7lc^3WR» (H«0) tLxwmnztctb, % 

[0007] ( 2 ) *K*jwiRtf /xaftraicSfT l 
40 rcttmxmmtztcisb, ^<ovm^7,tmw<o2%w. 

%o Sfe, fifffl1*©fflai«,«*Ui:«:So 
[0 0 0 8] ( 3 ) S4^©M^tcPII?^o fc„ O 
SO, as»B*©*l*IUIJil8fcft-3T*0» ^S*©B# 

[0 0 0 9] *»Wtt±iE©^Cfc«*Tft*hfet© 
T\ SB#^T^5^^^;l/©fl4A ,i Tt5^v'r*# 

50 [0 0 10] 



3 

t §^ i wkxm 2 a© * ^ y *, ^fl/m&xm t ^y 

1 0 3 Pa O^HjjV) WTS-Pftiffc:«fiEU ^©f£ 

ss 2 a© * 5 -r ^/i/ffi* 2 o k $ T«^-r § c 

[ooi i] #y^ae«ffc^*8BiiRt?/x 
i mxfm z a©* ^yt^mmsm 

y*> ^jimzhumtztum^M, m^^yt^^jim 

©©a^^sttTiejw^^sg^-rssijwm t^y 
*$y7fHzmR.?5mm^mzmffiu 

ww^atj:*), to«^a*M»uR*5>f*v<* 

#a^*7-i'*j|?yyrt£E* i / 1 o 3 p aWTS-ea 
jIkweu ^©^in¥is^2g©^v7^u^ 

[0013] trc HuiB^sn^ati?pM©x^x^y 

[0 0 14] 

CflUB] *«W»cj:ntf» ^7*^*;l/ffifr5>©#x 

mmjmic, ?7y***)m<Dum*fixmmmt 

3 P aWTS-e«l»fc||EEL, ^©f£H2a@©^7 

<t*>^)vmiti&mz?vtQT%><DT\ Jim 

T-tSo L*^^B#F^T^-;l/^^>T'tS©T% ^5 

-So 

[0015] LLt^^^^y^i, fg»j 
fttfS4«flB4:«:T«a©c fcfcSWfc'rs. 

set, 



(3) ^¥8-6 1232 

4 

#y7'r-i/y7[*i<Dm&\%, U-^Ofi7W 

t-)i?^y c*7>r */<*/!/©?&*]) K^gt-rs^F 
m. 

[0 0 16] 

10 7©3£SH©*J«*jj*-rBT?fc.5, ^7>f*^l 
(DXyfr-i/yy 2 fctiAn# 3 fcft > 

©m 1 ©i 6 - 1 £31 2 ©1 6 - 2 EHSft-CVSo 

Bttfc«jasftfc»E**¥#fafc«fafeiiia©js i 
a©* =74***)], 7 #ap# 3 ©jfi^r^ i as 6 - 

*tife^iHfi*Me»iRiK:Mtefc«IJfi©!g 2g©^7-{ 
*^*;l/83!>«gi2aS6-2K»RSnTE«*nT^ 

20 [0 0 1 7] $fe, ft««6tCttE»illa.=.y h 1 0, 

o a* e ©he^ u «7 a « 6 ©m i a i 6 - 1 
t^2aa6-2}cS5.n, mm^nnm^v^L.^ 
ximm®3.-v h i o^M^nso ctifct 1 a 
a 6- 1 ^^2 as 6-2 jtwaaisfu ra^tc^ia© 
* v y */ i*)i 7 atfi? 2 a© * 5 7 *> \*a, 8 ©® t, 
?$£P£n& 0 c©«F©?gfi{i?$a«i6©siaB6-i 

30 ^60~1 0 0K" H2a@6-2tfi 2~20Kgg 

[0018] ±.m<Dvmx*xn#3*mi&'?%>£KQ3- 

+ y^- 4 <Dfixifi$y7>T-yyy z rt*cssxu R 
l«fc«IAtfzk» (H*0) tt»ia©*9>r*/U;I/7 
tc-fttt (Jgi^) T^d'y^X (Ar) «£2a©* 
8 ©±aatjBR:WlB 7j<^^'xti^ 2 a 
©*7'i'*/^;l/ 8 ©*ffit^^/crS14^{c®»-r 
3o ctx};: c };DK^7 i ^y/^-4rt©SS©^x«lti 

40 [0 0 l 9] 1 1 lZZ-Xft-?7$yyx-3b9, l 2(iffi 

*&#yfi 2 ttfiWfc»«*tu afejuic»tt*nfcu 

U-7#l 3St>TO#l 4^LT, 
^2(Cgit$nTV^ 0 P(±^y7-7-— >y^2F«3©E 

*;l/7©iBS*tttll"r*ia«-b>"9--, T2tt^2a© 

*7-r*/<*/b8©sg£ftm-r*a£-feyii--* i 

5,16,1 7 ttk-^T**o 
[0 0 2 0] 1 8tt»gPT*St), ±IBrSg-fe>-9"-T 
50 1 , T2©tB7jScD*jE7a-try-9— P©ffl7j«^fij®gpi 



5 

8KA2jS*U KMfPttl 8 fre> 1 l 

15,1 efcinMflitft&ftttU Mtefc-* 1 7fc/< 
-s>fl!©SjlS#* (NO *Ap^-r*Anfftffl«**««& 

[002 1] ±EW*©*7^*#:':/©f*£«tIfc* 

1 5, 1 6 1 7fCi!)P^fflS 

^3*«*&U #1 9*WI*, fc-*l 7«Lft^- 
SJfflOSBRtfX (Nz) *#yy^r-'»^2rtfc«lft 
f*o C©»c£D, SlSRt^2gOi'7W 

[0 0 2 2] d C T?±igSfB • iiLfclI^CA* 

m 2 g©2 8 <oimmm&zw£ lt, ss 

•tyy-T l % T 2©a**««BR®a«tcft*J:5H:lW 

a l /itM^^ arxftt- 5 (otcamftma (turn 
mm) *®M-tz> a 

[0 0 2 3] SlS©^7-T*/^;l'7Rt;^2g©^ 

9-r^-/u;i/ 8 ©ffi^€>^7.©^m^ < & o n%.tm 

■<*rt*)l> 8 OiS«*±eKJeHStel!«r Lfe* £IS£ 

7i2*aeu t^->y^2©rtE^i/io 
3 P aJWTtWE-T*. cnttS2go^7^t/U;l/ 

>^-J/V^2 0rtOlft*fi >y fir 
5„ ffi^lX^y^l 2te<fc*JS£5l*©#£fc^<5 
BSHfcjWCfc 1 / 1 0 P afcSTLfrXSlc-CSft^ 
©T?, ^y/^—>y^2©F«9g|5{i:^X^oTjSSK 

[0024] tfsmm 6 ^3ii£ i a©* 

*/^;l/7©®Sa^8 0 KWF, 10^2g0^7'f 
*/^;l/8©liSS*<2 0 KWTKass^ai-rSo 
c©l^Rl)(B«SWaT?feSx+^/<y^t-^9©|5]|ga 
**ififit£ (M*tf 9 0 r pm) t U iGItcftJP£-fe>: 
So Cft&©f»ifrJ«l 8©V-r^D7°D-t>y-9-^ 
SS-tr>-9--T K T2©tftfj, ffi^-try+f-P©^ 
SiWiiKlLfellSWffl^KS^*, t-?15, 16, 
1 7, S£#l 4, £3IJ(£# 

y^i 2, *-##?#y7i m^iKWtcae» 

[0 0 2 5] W±©»«©ittWtts ^lSO^^^ 



(4) »8-6 12 32 

6 

^fctf, ^2ift©^7>r^U;i/8©*%j!ip(ft"rsfflJ^ 
S4©»^«, ?&««6©iHE*±«)Sj&S3yft^U 
(#^JMiJT'teiti6Tl,>&V\> , fc-* 1 6&tfl 7tt 
OF F©miTS§o 

[0 0 2 6] Sl8©*7-1':av<*;l/7;&tf£2a©* 
7^ 8 ©S4«f©j!iP«iiaatt#W*1ftHfc *f b 

T8tBSTf2©<}:5{c&3o 

7j<^M(H 2 0) 3 00Kg£ (3n8©*7>T 

10 */U;U7Rtf£2®©*^^<*;U8*ina&) (£ 

7M> (Ar) 1 1 0~ 1 6 0 K (3S2g©^ 

7-r*/^;l/8©**J!ni«l) (S«m£) > 

7i<m (HO 3 0-8 0K (S2gO*7>C 

Sfg (NO 1 00-1 4 0 K (^2g^ 

[ 0 0 2 7 ] M 2 lt*nW(D A r S£fflS©SM£*aVf 
a57i"S4(C*3ttS0T% 0 3(i#S¥5-5 0 9 1 4 4 

mto *mmm<D a r m±mmm$, m 2 ic^tx. 5 
fc % n 2 ©^ 8 ^e.©3tf^aa^& < & o 

/cB#£ t , T*#-##?#>7 1 1 RtfeSWSjR^^ 

1 2*®eu #y-f>r-i/y>?2nmf>\/\ o 3 p 

a WTtC & 3 £ T^tcME-T §0 
[0 0 2 8] ^y^-^>^2rtE*M/l 0 J Pa 
WTfcjt Lfcl^jS 1 5 LT, % 2 ©©* 7 

30 >C*-'^;l/8©ffi2 0K^T©Sati:T*o ccTf^jS 
t i ~Bf jS 1 5 ©F^if! 2 S©^ 8 ©ffi£— 

6e=Fi«IB*iBi/>T, % 2 g©? 8 ©ffi^ 

[0 0 2 9] BUSB#S¥5 - 5 0 9 1 4 4^$B 

fcllfl^Sftfc&ft©E£ffl3»ttH\ 0 3 t^-T J; 9 

sg-tr>"9-©{i^fc«to^^^ae.€T^t 
6 r*^7-r^7^;i/ffi©Ap^iif^, $y?>r-i/y-y 

40 2©rtffiA%10~100PaOE7JK%oT)!)^, ^ 
[0 0 3 0] ±E©*5K4M0©||4ftail»fffcfeV>T 
tc, ,1?y^-S/y^2©F^E^l 0~1 0 0 P a i:B5 

{tLrc&<D*%£lc#y7*r-i/y>ffticfflm-?%rctb 

CffMl/10 3 Palt'WT> «2g©^7^* 

/U;i/8©®£ft£p-f 3©?\ ?v-ym*mwu L 

50 frt,S2gOi'7'r*/^;l/7, 8©ffi£5t£fc:?l£T* 



7 

[00 3 1] Mfc* #y^-j/^2Wi/i o 3 

;I/ 8 # 2 0 K i: ft S 1: T?©i$Ha tf |tf § * T'tc 
^*l*mi*JfilBT# 5o 2 0 Kicwrss-ecisiiii 

tt, *^T*«X+X^y^-^©lHl|ga*9 0 r p 
^2SUJH8^#So ft*3, 0 2^*51,^ B#^t 3 3c 

[0032] w±©siwt*r;i/=r>A r *n4«a^r« io 
»»sfto«^ico^TiBflLft^ m i aa©*?>r 

[0033] ±m<D&5k$y7'r-i'yyz<Dfti£* 

i/io 3 PaffW§i:i:(cj;^ tt<7kX£ftC& 
£ 1 ~ 1 / 1 OPalT L^Ttfftt/^^-li^HcOzk^ 

5 ~ i o %^ y-r 5 c t wmmmmmz 

Hfco ft&\ 1/1 0 3 P a(i:S5,ft< tt>, WAtfW 
*fo©#?ffiH«fcftSffiaKfe^Tt>, «&ra«ft*S* 20 
tff#&ftS©iil|l35frT?&5aV ^{Ctt 1 / 1 0 3 P 

[0 0 3 4] ^SSflWifiBIilK (90rp 

m) (HW«i!l«*^ftS) * 

|6-1^80K, £2&l6-2*2 OKfuTS© 

t% »»«ttfc , r*STfi«iffl*s<^**. nesttfc 

?&aa»6©2&I6-2©i&g*300K-»20K 
£TS©fc* (60Hz©tSt'72rpm) 
T(i 8 0 i^t^-altlfiKXmSt ( 9 0 r p m) VIZ 6 5 30 

[0 0 3 5] ftfc\ x*X^;/*^e-*©aEKifi%9 
0 r pmJ^±tCl-§i:M^^{±^T't5^ X^T, 

rtypvy-frv&ntfXZ < , JWMflfi< ftSfcfc, 

x^/<y^-^©«SJjSfitt9 0 r pmgSfc-r* 
©tffil\, 

[0 0 3 6] ftfc\ ±E^Sfi»|-ptiSia©^'7^*/< 

*WS*SlI»lRlft:«*ife«IJei:Lfc^ SlSKCfft 40 
2 a©* 7>r*v**;l> 7 , 8 ©Utigfi c nfcl8££tiS 



¥fffl¥8-6 12 3 2 

8 

UU\ 8frt>t-5 1 5, 16, 1 7 fdjnjt&fflW*l£{tt 

•pw 1 8 &ccfr$m&t&iiammniiZMm&mm 

i^^-t^ft^y 1 1 Rt>"ffl?im^yy 1 2 tcig 
3 fci/asBtf, mmmnmtmm 

[0 0 3 7] 

[#g0J5©$!l] «±, KWLfe«fc5fc*«WK:«kntf, 

sg i a&tf/xtts 2 a©^5>r*/^/i/®*^©«fx 

jRtHIST^ ^5^*/^;l/®©Sg£#x$tBB# 

fcra-aafcit»Lfc*s^5>i'*#^yrtEE* i / 1 

0 3 P aTSTftlfcKEb, ^W&^a©*^* 
/^;l/ffi*2 0 KST*t>ji^-rscii:{cJ;t)> 

[0®©fSmftitt^] 

[an *¥%m<Dn£.i5m*nM-rzt^*#y7<D 

[0 2] *«W©A rS4fflS!©J|ff«^fHT*S. 
[03] iM0©Arfl4«rai©l«ff**'rH'e**. 

m^t©M 



1 




2 


Xy-jsr-yy-? 


3 




4 




6 




7 




8 


S2S©^7-r*/^;l/ 


9 


x+x-^y^— # 


1 0 




1 1 




1 2 


m^m^yf 


1 3 




1 4 




1 5 




1 6 




1 7 




1 8 




1 9 





(6) ftBfl¥8-6 12 3 2 



can 



(7 




^3t 



I 



mm 



T ^^J - // /i> 



L , 



L , 



i i ; 



TV > 

7 , J mm if 



i 



j 



f3 



40 



(7) 



?fF*W8-6 12 3 2 



[0 2] 



/SO 



to 

20 



i 
i 
i 
i 




to t< U ij 



[03] 



f50 - 



/OO - 




